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(54) PRODUCTION OF THIN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a thin film which 
exhibits high photocatalyst activity, has excellent 
scratching resistance and has a uniform film thickness 
by using a material target essentially consisting of Ti and 
executing a reactive DC sputtering method in an 
oxidizing atmosphere containing ozone of a specific 
partial pressure. 

SOLUTION: A gaseous mixture composed of oxygen and 
1 to 1 5% inert gas is supplied from a gas supply device 1 
via a flow rate controller 4 to a quartz double tube type 
ozonizer 2. The resulted impurity-free ozonized gas of < 
50% is supplied via a flow rate controller 6 to an 
evacuated sputtering chamber 3. The inert gas from a 
supply device 8 is introduced at need to form the 
oxidizing atmosphere of >0.001 Pa, more preferably 
about <2 Pa of ozone partial pressure. The reactive DC 
sputtering method is then executed by using the metallic 
target essentially consisting of Ti. As a result, the thin 
film which has a geometric thin film thickness of 5 to 

1,000 nm and consists essentially of the oxide of Ti is obtained at a high deposition rate on a 
substrate consisting of glass, etc., with a good adhesion property. 
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mim i ] t i z±im±-?z>£Mz-yv tzm^ 
**v> fm-ctozmm i cc£8©«r©ws 
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[»«3B 3 ] mr§Ei£B©&f^iftJI3 #,5-1000 10 

*-ftr-±. *«*S*7>ffe*IBg. 20 
H»rSiCtt^^9ari;>yffi«:tf^C4K:J:D. lota 

i «^Lb©*a<ow b»*ifi8»&-r *»«*s*±cc 

tt. *©-»*fctt±S#, «*I6«:ffitt©*7>» 

e> $ n * c t z^m t?*> mmomfi 

ft. 

? b imi>»E#0. 0 0 1 P a 1^©* 30 
*MI&glM'Cfi&ttx/{ » * 'J > ^ft*ff ^ c i ec 
<fc d . i»iB i «^©^©fMb»*£rta£-r 

B> ^«HftB*»6tt»$tiS^*©M***!/Wk 
tt * ' < v £ 'J > ^ ft £ fir 5 * / s 9 * 1 J > if 9 + > m - £ 

*rr * c t 4 * * m©»£&a. 

r ; tiz&tMtt'S* -fif- ±©rattffl-©&S3> 40 
h o - ^ - S«*ktttSBr*ffl s ti, 

©■»**7^1f--fc«»U 

»a«i»tt3n, #S©-#tt*v^Mtf-r*y> 
fb»«3ft/c#*©5 ottawar**'* * * u 

^or^>5ry>^ + >/<-«:ilji-r&ci*«8k so 
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£-r*iifi©s&gg. 

[tt«qi l o ] B#E8 cc§eS©»R©8&&Srft o 
r : *7>*dWr&»ft*WiBa»©ffi«:raiwrftU 
^?Stt^*«if2S»©ffitt:WfK:*fc 

[0 00 1] 

[ft«©B-r*awaiF] t i ©wb»*£ 
rt»i-r*»«©iBB*aK:K-rs. */t> *«gjtt. 

O-CBttBtt^^ * >*tt*tf5»«©SJ6#tt. ft 

6t/cc, »ws*ft*tf^ci*Jrt*»B©«jsssa 

[0 002] 

[fE*©8*] 2*. **~r (T i o, ) (cfc^a 
m K»3-f--f >^©W3&Wttg*»«>rc» 
*. cti6tt^^-r©*«^**jfijffli/fc«>©r* 
0. ^dr^r3-h3tiWH*Bi^=i- b m 

B¥8-2 6 7 64 6#^«) . M£H£©ifl£K:<fcS 
*&$r£t£©fi± (»ra^P6 - 1 9 8 1 9 6^«, » 
0W6 - 2 7 8 2 4 1 ^$g) 9*«*RgSnrc>&. 

[0003] a*3&»6. *J!«i?gtt**r^dr^rK© 
^^ftiur, ^»^7©Bttft«B<A:»«ia> 

7;uy^ft(cj: 0»fi6-rS*ft9©fflatt^«:1Mt$ 

ccStLr«^-«:KJl^^©^8Lc*ci. B©W^ 
«ttW+»r**ci. 3-h«*-5E©tt««:fiW 
r*©^B»r**c i9©raB^*s. 
[0 004] ^©-or*^^>;>^ 
fttt. »®^3-7 < -/>«ir > B©S^ 

^©wtt«c«ti. a©«awtt*«Btisic^fij** 
wr*. ^a. t i zzj&ftttz&mz-fv b*m 
t«fttt«imrsi&tailE (do »>;>^s 

*ff^ Ci«CJ:0, Ti©8ffc»££l5E»±**Wb«J 

©a««:««-r*s«tt. h»w-c*»). «as»*'7 
x«©nucR(cffic>6tirc^. oa>u I^B^ftr 

[0005] 7fe«^r§t4^^^/c*tc«. ^TBic^jtt 
^ri^©A^C^T^ * - «S©lSfltt«AAd 
ttftftftl*. *fc. T i Mlb«ja©WbK4>SB&H : F- 

^»»;>yft©fij*^^ooo, ac»XHiistt«A 

■T^dr-rJB4»^<*»«foA:. ^©ISm, BUR 
©*«B«rStt*5lfil±-rSC4«:mttiLfc 1 0 - 

2 7 8 1 6 5-sf&fs) . iM^mtc&twt, ±mmo*i 
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£10 0 T^KMKrr* Ci#ff* U>fc&. Jjfl&"C 
* & I 3 - f -f > ^(C Wffl I > £ C t ttfr o 

it. ttc> Mit^fe©t*oti 
mirm*® h c tox # a*>< 9 * y > >f¥&im* 

fee 

[0006] 

[0007] 30 
£T*£JS*~y? h*fflt>#E#0. 00 1PaJH± 

[0008] HMEJttBfr* ? * V > ^S^JSlottD C 

*/< 7 * y yvmvb zoom* u>. 

[0009] «^K©»ffl^WJI3#5 - 1 0 0 0 n 
[0010] WI2»f*##5*r**©tt. U»- 40 

[0 0 1 1 ] tit. Sfl*J:tfSStt±K:iSir 
[0012] Sfcfc, *»9!tt* BBRfe«fcO e *r£tt#* 

[ 0 0 1 3 ] ^ 6«c. *&m&* 1 ««±<d£is*£js so 
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>> c t cc j: 0 , Mia 1 «m±©*j«©b{ fc»*±fiS» £ 

[ 0 0 1 4 1 $ 6cc % 1 «fi{±<D£«*±JS 

ftttZ&mt-Vv hZm^AE&O. OOlPaW 
±©*^>*«rr4Wktt»lI«rHi£ttx^ * * y 
> *8c*fT 5 C £ CC J: 0 , «IB 1 ««±©*jR©lMt«J 

[0015] 8WB«B©W6SH1'C 

ti % tt<o-isit*y*4ir-v*v^itomztiftiJ 
^<oso»»%ar^^ ? * »; >^ — ^ 

[00 17] 

tt»£?&£K*-y? h*ffl^E*50. 00 1 Pa 
[0 0 1 8] £JS*-y* h«, Ti»»rt>J:C^ 

[ooi9] n{btt*nR««dcr«M». ^e*« 

0. 00 1 PaH±©*'/>*ft*T*. cnccj:0. 

<etT rT i©wk«i*i«»&-r&«iij rufb^ 
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[002 0] 1 0-27 8 1 6 5^«Ktt % £ 

jCttx^7dri;>^fficc*$lir, Stt^rlOO'CfcLL 

Tor rK±i-T4CifcJ:0, m»XfeHKStt«^-r 
T i ©Mfb»*^#<!:TaM{b»K#«6ftSt£# 

<rfe, **/>#E#0. 00 1 PafiLhil^fi^E 10 

#r. S5t^jSr£tt^-rMb?^>jii^^n^ 0 

[002 1 ] «£*©#». Wt>. T i 

r**SSi£±tt'«T> **£IE?L©?W§te*4>£&* 

0, *©Wba*^±-ctt&i>fc«>. EM 
/c#r£*£#*6ft*©r&3 0 *iwitt. KfbttE 

{b* * >«ttiSl**jlMSBStt*^-r 4><Di & 
[0 02 2] KJ*tt*'*v*y>*ttKHLTtt, IT 
OK©fftS©fc«>> IT*-** F£Jgl>fcK£ttDC 30 

iUrfflir»fc*tt*IB«OA:XiR3WSD€>nri»6 (Th 
in Solid Films. 281-282(19 
96)A. H. M. Zahirul Alam eta 

1. , p. 209-212). ifse*«fcfcirCW«W 

tt*w< , aaa*<Dfi^ i Toig#, fi&a#j:ccfei> 

So 

[002 3] i*{b?- 5r >(D7fc^ri&tt, HT 
£. *£34. 5cmX5. 0 c mx 2mm©»B*5J: 

7^ft KSSMrA 750ppmi«:^^ «c«»T 
©^7^7^ h$3fc*T4#£flH>r#jl 0 cmCDEBt 
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h7X>rb F»K©«4«K**HiU 7-fe h7rt>rt 
MM8«tt£T*. **W©«ifc^CC<J:08SS*iS 
»fb^^>Htt. WSBT-b hriU^fc F4MBM»«7 0 
ppm/ , h£Lb-C*S©^»*l/<. lOOppm/h 
fcLbr*S©*JJ:0»*l/<, 1 SOppm/hfcLbr 

[0024] KlH*X'<» £ 0 >*ttKffltr»6*lMMb 
S#amccfc^s^v r >co^E©±K^{cA c c< 4 *n 
-tta#«*3e«ctft>*i*E*r*ntfJ:c^. 

**>©£;?&* h -f h ';-#isiSft*©r. 

ne^o^b^l^iac-r^^O. Sfc. A<*£ 

©aEtt2Pa«TC*S©##*l/<, lPafelTt 
**©#«fc*)*y*U>. *fc, *vf>©»EJW*iiff* 
MfciMHcfcD. Mfb**>©iES&xM**-rfF 

[0025] lMbte#B«*»«**#*« t ±IB#E 
X ; *y>fc<fcaq^t£#;*©ii£#X ; 

*$J:c^Pffitt^x©fi^//x*ffli^ct3Wr*s. * 
r*>, i»*jj:cf^astt^x©a^//^*s»* 

8tttfeJ:V^©U^-r3©**i6. 7*=f>#»*0 

*«»#*©«««. iMbti^ffla*«to«-*# 

^©10 0-5 0 0(*««-C*-5©^»*0^. jubk 
Sr. a»TSrtB«K©ei±^+»ia:S. 

tt^x*iwr*iiBi3^h«©jSr«Mr**. $ 
[0026] ttjfrr&J:9ic k tvtJir- 

CCJ:0, 0. 1-1 Oft»%II«©*'/>£*ff 

^!/>45J:cnWR©B«//X&Lrff6ti2. £ 
tc. ^-T^i:^CC. *!/^-f-jf-K:*j»&*!/>{b» 

»**5<fcc;^?ii4^©ig^^^fli6n-5. 
**wec*jc>rtt. ±^u/cj:^cc, ^/x^EM 
■a±«:±tf**»««:i>©r. *y^-/if-r»6n 
fcl) *-/>fcJ:C«t«©ii^^*/di2) 
WR*j«fcCjqFStt^x©fi^^K: % ^rSte^x^S 



■£tfX«»»3«tett, £E£0. l-10Pai 
U *V>OAEtWS&<OftE.<Dft*0. 0 1-3Pa 
£U tVXDftEZO. 00 l-2Pa£T£©## 

[0027] ±«<D«M¥ 1 0-27 8 1 6 

^ffitt//^ *ffl^ l r ft± s a h c t ixv z 
ctitc»or, o. ooiPa 

[0028] *MB<CJBt>6ti£X''< * * 'J 
Sftttx^9* i;>^ffir*n«»K:BlS$ti^ DC 
(if ft) , RF , DC + RF«©*»D*S 

[0 02 9]*»f!liK:<fcOI8SSnS»*l©»3tt, § 

^ttJPi*#5-l 0 0 0nmt*5O3Wf*K. 10 
0 - 5 0 0 n m r * J: 0 »* U>. 

[0030] *mic*ti\x* mmommmk 

<fctf^£©«^#«ftfcfc©£fc*o WSLOWM 
tttt. J I S R 3 2 2 1 CC«ffi$tin^» 

«»CS - 1 0FSfS5 0 0gr©'f-^-tWK:J:0 

^-WK (3000) <o»©^-Xtt£ffc*« 1 0HT"C 
*5©**»*l/<. 5«Tr**©#J:0»*O<> 2 

[003 1 ] *«WCC*5^T, 8Mt©»«Sti*Stt 

m asm ti«cont ( »«ci®e$n<t 

l>. g#©*m«> #5X, PWBg*©-fe5 5 

[0 03 2 ] *T?fe % *7Xtt ( rattJlfttCJBl>6tl 

ao. mt* ens. mmtiv 

[003 3] Sfl^lDBtttt. SttHWOTHWft 
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[0034] ^/c, ii$(c^ 7 ^ij>^ x&xmm 

««©±«:*a(lWcj:0IMt^*>JB*»J«U, »JBM 
±T*C£#r**. *©J:Vjc«tttt»B£l/Ttt» 
£H> ft*. Cft6©BM». *{Hj. Kffcft 
9©«*BttWi3MS*f6h*. JWtfjfctt. tmtZ7 
V /< 'J T<Dtc#)<DT > a - h i ©i/ V * 
io (S i O, ) MW«f6ft*. #»9Kcj:gBMb** 

[0035] SftMKtf? X© J: ^ft^ffifi»©fe©-C* 

(50-1 oo'O xm^hftZboictk^x 
scifcaufc^©-?. *» pjaMt«w«o<*: ^ «c*rtST 
20 t&xz. ttc %mtti&xm^p>t\z* 

fflr**©r, i*©J:5fclB«tt&t». 

[o o 3 6 ] fcfc, *»Mcc*ji*r*>, g^^Jn^-r^ 

C£#r*3. ^*©3^«, BMfc^^>JB©Mrttt© 
fS]±tcw^r*^ 0 S^©»i. f&mwcftSttx 

ff^fc©r*5. WUII%ffli^&. isB««c«ac«ttS 
30 U©x^ 9 jri;>^^wt-^t»rfcJ:<. ^{b 
14©^±©^fc»6tiSic^fte3&«**. tttiK&S 

». i o o-6 5 0*c<t-r*c<t#"C#a. ioo*c« 

±r*S4)W©»|WW6*«Ctt0. 6 5 o-cOTr 

toztmfttbxtfvzzm^ttm&xbmftomttfi 

^dr>H^©K»*l»<fc«>. S(*«:r>^-n-h^ 
*bfca«b^*>«t»*rs©3Wf*Li». »sa 
40 ZB!$ttrz®£l l c*3\,>X> «fk^*>«©Tl©9%i> 
rtu^-JB^r ju* »; /1 u r©ftM^wr & 1 1 ccb. 

SStittC*^ jMK. S/'J* (SiO, ) B3WfflC»6n 
-5„ t©*&£, >;^A^4 > >©F9?^tt<:iRae>& 

[0037 ] *»w©»n©«tttt. «fcr;»S(* 
so ±Jc*»M©»^««to»lR©«fi«a6K:j:>3iai3 
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£©a»tt«c«i*Mfb**>K?**. *&9I©SJa 
«3S3tifclW*Wr*«Jift. fce>tfK, *M1i©g 

fc©?*^ #fcw©»a*©»a&H»ar*s. 20 

[0038] *%«©anft©fflj&K t »(CRS3ntt 
W&. B»«tt^W«Wt*4*LfcfflaiLr. Wit 

[ 0 0 3 9 ] *Sfe9!©3fiH©a&«tt, K**s<!:tf*i§tt 

[0040] *«M©»E9©«tttt. 1 «a±©£js* 

*Vs 5 C t 0 > ma 1 W»±©£M©Mflft££tt 
^>*sJ:tf*rStt#*tt* *©-«*fctt±»#, 

w©»H©ssa©*y>^*Ra*6«ift3n*ci* 40 

[004 1 ] *IHII©S!S©««tt, 1 ««±©£JI* 
ififc#£T££JS*-y* h£fflt>#E#0. 00 IP 

*y>fffi«fs Cicero, mai««±©£B©» 

*©»««:**/ Wb-r*55EOi»* -f ^ 

if-, *j:af*^^if-^ibtti&$h«s*!/>fbtea 
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[0042] *^W©*^©S8tttt, 1 g&±©£JI* 

£/$#£-r*£i35*--y? vzm^ftEifio. 00 ip 
aa±©*y>*^-r*wbtt»fflarsistt^^ * 
* 'j > ^tt*tf 5 c t &c j: d . me 1 «a±©&is©M 

ggt*ot ; *y>££*-rs»fc*«ffi»*©ffifc 

ftwr*u-rs-/x>ui % *ffitt#x*me»*©ffifc 
WK*fc«mB«*-*s htcisjwrftuj-r^^x 
*± ^ c t %#WLtt&tmoxmmv*>&. 

[ 0 0 4 3 1 0 1 *»w©»=©«a©*!/>»a 

©w»iB©-«i**r««ar*&. x a * * > y 

0-m*7nl>X®m?hifi. *^©SS«Ctl6K:RB 

wr*. *i«a©iHi©iattB«. *y>«ssa 

(A) fcfTTS. (A) tt, i&^fc^c; 

***9i©»H©®B©*y>«^ia'C**©*s»* 
U>. HT* *im©«£©IM©KM©WW»s« 
*»W©*=©S8«©* !/ >«*SBB«:« A *ii£&co 

uriww**. **w©»=©j»B©*y>»*«a 

fi«^^^/t-ftf-2i. *«*.S*!/>££ga 
^ucifctt^ x^?*y>^*>^-3$c 
fcHTtt. *!/>»4SBB (A) <D**Jmr-2fre> 

«±©^a©»b»*iia^irs»ii*»i*±«:ws 
[0044] ^eaasi t*!/^-ftf-2ttt % ^~ 

^x«»«l©*©»fRfcJ:^^£tt^x*^ 
T*S^//xtt. i£S3>ha-^-4Cti:gfcS£t]ei 

[0045] *^-fir-24^/<»dri;>^ + >/< 
-3i«. ^-©ftaa^ho-^-B^a^fcftUfi 

7r»ji?nrc^c ^^^if-2r^o/c^y> 
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tt v *7^^1f-2*»6«lft3tifc0. 00 1PaJ£Lb 

©^y^^wr&wtttSHarsjttt^^'y * y > 

^tt*tf^Cifc<fcO. 1 ^±©£IS©»ft»*£« 
X/<?d"J + 3 

*^©E**iBei-*xa*-*- 1 o*att.s©# 
j?* u>. x/< » * y >y©8M/x«> semi 1 1 *^ 

[0 04 6] gttt»7«$MS3tl, 

3 ^©fiues^a*. aasawtasis c t&ttf 

1 2, i 3£nr 
sssi3*ia©##*u>. wa«7i*. 

1 4*r«jt*. 1 4B, fttt 

^<fcOT*©SP«flBK:*-5©*5»*l/l^. ±i£K*o 

{ 0 0 4 7 ] *«c % SI8©SSB£^iS©^»^»^tco^ 

©WEttSWC**. lfctt, BBRfcJ:^* 

rfc, a«Ftt©jStfr6, 7*:*>a*P*W>. *r§14# 
*©*&»*, 1 - 1 5WTW« b 

l\, ±!B^ffl-C£>*i. *v^:Mtf-20Cte#£* % /> 

fleet,, ^!/^-ftf-2r©«aitcj:DS{k*sw&c» 
tt#x©#rt>6&9, ?Mtttfff&r^&t>fc©rft* 

[0 04 8] S3tl»*-f^*^-f1f-2tt, ftc 
m©BI»*W-r5rfi©^7Xflf^6>«cf5, rtSttrtffl 

©»*©-»***/>ttr*»Hr*a. *»w«c*c> 

r«, rfijR©536rMdr^^^^1f-*fflC^C 

r. *«air©SAK:j:&ttSfiT©ffla^ttc». Uc 
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^ot, ^««©s«e>r*<ci^!/>dWfi^^*» 
sci*sr*s. **/^-<if-2(c*jortt, ftiftsn 
fctg^x©i«©-sw*!/><b»asn, **/>^ 

(*aec»r^*ofc*'/>©(*a> a*, o. i 
-i ottm%-e&*, 

2 r ©* n*&£#*©«5fifc <fc o s 

- 2 Kfttt s n zm&tix ©*a**»K-s <t & s <t 5 
«c8fcfi3>ha— 7-4rgwrs. ad^©auu2 

2 0-1 00 s ccm£T*©##*U>. 

[ 0 0 5 0 ] ? * y > y* + ><K- 3 CCfcO? ra\ 
l«fiLb©^£^#£T3£ISdr-y? htfflt* 
0. 0 0 1 Pa£Lh©*y>*?J:^^ffitt^x*S*-r 
20 5Mf btt#B«-C5J£tt^ ^ * * >; > ^ffi*tf 5 C 4 £ 

<t o , ma i m^osmomitmstfiftttzmm 

3W»(*±«:Hj63tl-5. KJCtt^^9iry>^tttt, * 

sc±#r#a. i^n MAd Ti. ak Sik 

Fe, Cr, W, Mo, Zr, Hf. Th, Mg, C 

cc*5ur». raettx/<9*y>j'&*ftE#o. oo 
i Pa«±©*^>**w-r5»ftttOT»rff5© 

30 ^ismb«9«, no, , ai, o 

3 % SnO, , Fe, O, . Fe, O, . Cr, 0 3 , 
Cr0 3 , WO a . MoO, , Mo0 3 . ZrO, , H 
fd . ThO, , MgO v Cu 2 O v CuCX V, O 
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